We developed a matrix of changes between Section IV of the current and former editions of Biosafety in Microbiological and Biomedical Laboratories (BMBL), focusing on biosafety levels two, three, and four (BSL2, BSL3, and BSL4). Citations containing multiple statements were subdivided into individually addressable statements and statements with similar/identical scope were aligned, allowing for a precise comparative analysis. In addition, statements were categorized for further analysis based on the subject of the change, the type of change, and the outcome of the change. Although the Fifth Edition of BMBL (BMBL5) proved to be a close facsimile of its predecessor, we identified 375 total changes, including 165 novel statements not addressed in the former edition. Over 65% (110) of these changes were found in statements pertaining to BSL4 containment. In our study, we further examine these edition differences and identify key areas where those entities responsible for compliance with these new recommendations may wish to focus their efforts.
Introduction
First introduced in 1984, BMBL is an advisory document recommending best practices for the safe conduct of work in biomedical and clinical laboratories. Since its inception, it has become one of the most frequently used codes of practice in biosafety, and an authoritative reference for: the development of laboratory policies and procedures, the construction of new laboratories, and the renovation of existing laboratories (U.S. Department of Health and Human Services, 1999) . Over the past two decades, periodic updates have been made to the BMBL to "refine guidance based on new knowledge and experiences and to address contemporary issues that present new risks that confront laboratory workers and the public health" (U.S. Department of Health and Human Services, 2007) . In February 2007, a consortium of individuals from the Centers for Disease Control and Prevention (CDC) and National Institutes of Health (NIH) released the fifth edition of the BMBL, which contained a number of revisions and additions from the former, including: • Added guidance on laboratory biosecurity and risk assessment.
• Added guidance on agricultural Biosafety Level 3 (BSL3-Ag) laboratories. • Revisions and additions to agent summary statements.
• Expanded guidance on a number of topics, including decontamination, sterilization, occupational medicine, and immunization.
We report here the development of a change matrix identifying content changes to Section IV (Laboratory Biosafety Level Criteria) between the Fourth Edition of BMBL (BMBL4) and BMBL5, focusing specifically on BSL2-4.
Methods
The Laboratory Biosafety Level Criteria sections from BMBL4 and BMBL5 were analyzed and a matrix of changes was developed for BSL2-BSL4. The PDF version of BMBL5, released in November 2007 and available at www.cdc.gov/od/ohs/biosfty/bmbl5/BMBL_5th_ Edition.pdf, was used for this analysis. Both sections were transferred electronically to a Microsoft Excel spreadsheet and separated by citation. Citations containing multiple statements were further subdivided into individually addressable statements to facilitate a detailed comparative analysis independent of simple structural and format differences not affecting meaning. BMBL4 statements were then reorganized and horizontally aligned with BMBL5 statements having a similar or identical scope. The original BMBL4 citations were preserved for cross-referencing. Each statement, or statement pair, was then systematically categorized based on subject, change type, and outcome, for further analysis.
Based upon observed trends in BMBL topics and laboratory commonalities, the following 17 biosafetyrelated subjects were determined and then assigned to each statement, or statement pair: Six change types, defined below, were then assigned to the data: • No change-the statement scopes are identical; any rewording or reorganization does not affect meaning or potential interpretation. • Not currently addressed-the BMBL4 statement is not addressed in BMBL5.
• Not previously addressed-the BMBL5 statement was not addressed in BMBL4.
• Rewording-the statement scopes are similar; however, the change affects meaning or potential interpretation.
• Scope expansion-the statement scopes are similar; however, the BMBL5 statement has been further expanded to include additional details. • Scope generalization-the statement scopes are similar; however, the BMBL5 statement has been further generalized to be more all-encompassing.
Finally, three change outcomes were assigned to the data: those requiring only a change in documentation (such as recommendations for the establishment of written manuals), those requiring a change in practice (such as guidance on infectious waste decontamination procedures), and those requiring a facility change (such as guidance on laboratory ventilation requirements). The change matrix tool uses a basic Microsoft Excel filter function to allow users to sort the data based on the aforementioned categorizations as well as by BSL. We are providing the change matrix tool electronically to interested individuals free of charge upon request. In addition, a brief summary of major changes is presented herein.
Results
An excerpt of the change matrix covering the BSL2 subsection only is shown in Figure 1 . For a complete change matrix covering BSL2-4, please contact the author via e-mail at ccrews@constellagroup.com or visit the ABSA web site at www.absa.org/word/BMBLChange Matrix.xls where the change matrix tool has been posted. This file allows the user to filter and sort the various BMBL statements based on the criteria relevant to a particular laboratory situation. Five hundred twelve total statement/statement pairs were identified following the subdivision of citations and realignment of BMBL4 statements with similar/identical scope. Of this total, 375 unique changes were identified. Fifty-six percent (211) of these changes were identified as BSL4 statements whereas 26% (97) were identified as BSL3 changes and 18% (67) were identified as BSL2 changes. These results are summarized in Figure 2 .
Forty-five percent (166) of the total changes were identified as being unique to BMBL5 (not addressed in the previous edition); 66% of the changes unique to BMBL5 (110) were identified as BSL4 statements; 15% (56) of the total changes were identified as being unique to BMBL4 (not addressed in the current edition); 16% (61) of the total changes were identified as scope generalizations, and 13% (50) were identified as scope expansions. Twelve percent (44) of the total changes were identified as rewordings affecting the statement's meaning. Figure 3 is a summary of the percent of total changes by type. Figure 4 summarizes the number of changes by subject. The three most frequent subjects for change are decontamination (62, 17%), laboratory ventilation (47, 13%), and personal protective equipment (PPE) (58, 16%). Other notable areas of change include biological safety cabinet (BSC) exhaust (26, 7%), laboratory construction/layout (35, 9%), sharps (25, 7%), and training/standard operating procedures (25, 7%).
Forty-seven percent (177) of the total number of changes between the two BMBL editions are practice changes, whereas 37% (140) are facility changes and 16% (58) are documentation changes. Seventy-one percent (99) of facility changes and 54% (95) of practice changes were identified at BSL4 changes. These data are summarized in Figure 5 . Figure 6 shows a concise summary of the major changes between the fourth and fifth editions of BMBL Section IV. The biosafety levels pertinent to each change, as well as to all applicable BMBL citations are documented. The summary focuses on major practice and facility changes that we have subjectively determined to have a high impact based upon a number of criteria, including: the immediacy of the safety concern, the level of resources required to comply with the change, and the severity of the consequences of non-compliance. The summary is intended to be a quick resource to assist biosafety professionals in concentrating their efforts on specific areas, and is not intended to be definitive or official reference material.
Discussion
Although the BMBL is not intended as a regulatory document, in some circumstances, compliance with the BMBL has been legally mandated. For biosafety professionals tasked with ensuring facility compliance with the BMBL, keeping abreast of changing guidance poses a Access to the laboratory is limited or restricted at the discretion of the laboratory director w hen experiments are in progress.
BMBL5: A1
The laboratory supervisor must enforce the institutional policies that control access to the laboratory.
Rewording PC 2 BSL2 Decon.
BMBL4: A2
Persons w ash their hands after they handle viable materials, after removing gloves, and before leaving the laboratory.
BMBL5: A2
Persons must w ash their hands after w orking w ith potentially hazardous materials and before leaving the laboratory. Non-disposable sharps must be placed in a hard-w alled container for transport to a processing area for decontamination, preferably by autoclaving.
BMBL5: A5-c
Non-disposable sharps must be placed in a hard w alled container for transport to a processing area for decontamination, preferably by autoclaving. 
BMBL4: A7
Work surfaces are decontaminated on completion of w ork or at the end of the day and after any spill or splash of viable material w ith disinfectants that are effective against the agents of concern.
BMBL5: A7
Decontaminate w ork surfaces after completion of w ork and after any spill or splash of potentially infectious material w ith appropriate disinfectant.
No Change NC

BSL2
Decon.
BMBL4: A8
All cultures, stocks, and other regulated w astes are decontaminated before disposal by an approved decontamination method such as autoclaving.
BMBL5: A8
Decontaminate all cultures, stocks, and other potentially infectious materials before disposal using an effective method.
Rewording PC 23 BSL2 Decon.
Depending on w here the decontamination w ill be performed, the follow ing methods should be used prior to transport:
No Change NC 24 BSL2 Decon.
BMBL4: A8
Materials to be decontaminated outside of the immediate laboratory are placed in a durable, leakproof container and closed for transport from the laboratory.
BMBL5: A8-a
Materials to be decontaminated outside of the immediate laboratory must be placed in a durable, leak proof container and secured for transport.
No Change NC
BSL2
BMBL4: A8
Materials to be decontaminated off-site from the facility are packaged in accordance w ith applicable local, state, and federal regulations before removal from the facility.
BMBL5: A8-b
Materials to be removed from the facility for decontamination must be packed in accordance w ith applicable local, state, and federal regulations. Biosafety procedures are incorporated into standard operating procedures or in a biosafety manual adopted or prepared specifically for the laboratory by the laboratory director.
No Change NC
BMBL5: B4
A laboratory-specific biosafety manual must be prepared and adopted as policy. No Change NC A graphical representation of the number of document, practice, and facility changes between the 4th and 5th editions of BMBL by biosafety level.
C. Safety Equipment (Primary Barriers and Personal Protective Equipment)
Biosafety Level Major Changes Applicable BMBL Citations
BSL2, BSL3, BSL4 The restriction of access to personnel who are at risk of acquiring infection is not addressed in BMBL5. BMBL5 states that all lab personnel should be provided with information regarding "immune competence and conditions that may predispose them to infection." Lab personnel are also encouraged to self-identify. 
Figure 6
A summary of major changes between the 4th and 5th editions of BMBL Section IV, BSL2-BSL4. BSL4 (cabinet lab) "The design of the HEPA filter housing must have gas-tight isolation dampers; decontamination ports; and ability to scan each filter assembly for leaks." BMBL5: BSL4 D(A)9 BSL4 (cabinet lab) "Class III BSCs must be directly and independently exhausted through two HEPA filters in series." BMBL5: BSL4 D(A)9 BSL4 (cabinet lab); BSL4 (suit lab) "Access to the exit side of the pass-through shall be limited to those individuals authorized to be in the BSL-4 laboratory."
BMBL5: BSL4 D(A)11, D(B)11.
BSL4 (cabinet lab); BSL4 (suit lab) "Gas and liquid discharge from the autoclave chamber must be decontaminated. When feasible, autoclave decontamination processes should be designed so that over-pressurization cannot release unfiltered air or steam exposed to infectious material to the environment." unique challenge since the revision summaries of rapidly and dramatically changing guidance documents are often scant or non-existent. The change matrix we have developed is intended to be a resource for biological safety officers, investigators, and others with a vested interest in biosafety to assist in the identification of the issues most pertinent to their facility or institution. Individual statements or statement pairs have been presorted based on a number of criteria therefore allowing the individual user the freedom to filter the data based on their specific needs. For instance, an individual primarily interested in facility changes affecting laboratory exhaust requirements may sort through the changes based on those specific criteria.
The change matrix we have created presents a systematic and streamlined methodology for identifying changes in the Laboratory Biosafety Level Criteria sections between the fourth and fifth editions of BMBL. An overview of this process is represented graphically in Figure 7 . We believe this methodology can also be applied to future revisions as well as to other elaborate guidance documents where a precise awareness of changing guidance is crucial to safety and regulatory compliance. In addition, the organization of the matrix makes it possible for the individual user to add additional criteria (e.g., level of resource investment) and search for them against existing criteria.
